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844-2 Subendocardial Radial Strain Activation Imaging: A New 
Method to Quantify Regional Dyssynchrony in a Model 
of Left Bundle Branch Block and Biventricular Pacing
Kaoru Dohi, Micheal Pinsky, Hideaki Kanzaki, Donald Severyn, John Gorcsan, III, 
University of Pittsburgh, Pittsburgh, PA
Background: Quantification of left ventricular (LV) dyssynchrony has become clinically
important for biventricular (BIV) pacing. Our objective was to test the hypothesis that the
novel angle-corrected subendocardial strain imaging can quantify dyssynchrony in a left
bundle branch block (LBBB) model and during BIV pacing.
Methods: Six open-chest dogs had echo images (Aplio 80, Toshiba Corp) from the mid-
LV short axis that were analyzed by custom software for angle-corrected color-coded
subendocardial strain in 6 radial sites. High fidelity LV pressure catheters measured dp/
dt. Data were collected at baseline, LBBB simulated by right ventricular epicardial pacing,
and BIV pacing.
Results: Normal regional time to peak subendocardial strain was 236±30 ms from the
onset of the QRS complex. LBBB simulation resulted in dyssynchrony characterized by
early activation of the anteroseptum (99±40 ms*), and delayed free wall activation
(340±46 ms*) associated with decreased LV dp/dt (-19±10%), *p<0.05 vs. normal. Dys-
synchrony, defined as the difference between earliest to latest peak strain, was 241±30
ms in the LBBB model (p<0.05 vs. normal) and was significantly improved by BIV pacing
to 59±32ms (p<0.0005 vs. LBBB model). BIV pacing was associated with increased LV
dp/dt (16±16%, p<0.05 vs. LBBB model).
Conclusion: Angle-corrected subendocardial radial strain activation quantified regional
mechanical dyssynchrony and effects of BIV pacing in a model of LBBB and has promise
for clinical application.
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844-3 Preserved Radial Strain Explains Normal Ejection 
Fraction in Cardiac Amyloidosis Patients With 
Abnormal Longitudinal Strain
Karen M. Modesto, Angela Dispenzieri, Sanderson Cauduro, Marek Belohlavek, Bijoy 
Khandheria, Martha Lacy, Robert Kyle, Philip Greipp, Jamil Tajik, Morie Gertz, Theodore 
Abraham, Mayo Clinic, Rochester, MN
Background: Recent studies have shown reduced longitudinal strain in amyloidosis
patients with cardiac involvement (CAL) and normal ejection fraction (EF). We sought to
evaluate whether unchanged or compensatory increase in radial strain is the basis for the
normal EF in these patients.
Methods: Conventional (ECHO) and tissue Doppler strain (SE) echocardiography was
performed in 40 consecutive CAL patients and 10 age matched healthy volunteers
(CON). Patients with hypertension, coronary artery disease and diabetes were excluded.
Standard clinical views were used for ECHO. Parasternal short axis (mid ventricular), and
apical 4 and 2 chamber, and long axis views were used for SE. Segmental longitudinal
(all segments) and radial (mid anterior and inferior segments) systolic strain rate and
strain were calculated.
Results: All subjects had normal wall motion and EF by ECHO (EF>55%, Simpson’s and
M-mode). Mean age (61.3±6.5 CON vs 61.4 ±10.4 CAL, p=0.96) and proportion of males
were similar between the two groups. Longitudinal strain and strain rate were significantly
lower in CAL versus CON. In contrast, radial strain and strain rate were similar in both
groups (Figure).
Conclusion: CAL is associated with preserved radial and reduced longitudinal strain
(and strain rate), despite normal EF by ECHO. In CAL, calculated EF, which reflects
radial myocardial thickening, is normal probably due to preserved radial strain. There was
no evidence of compensatory increase in radial strain/strain rate. 
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844-4 Tissue Doppler Strain Echocardiography Accurately 
Predicts Right Ventricular Systolic Function
Stig Urheim, Sanderson Cauduro, Robert Frantz, Michael McGoon, Marek Belohlavek, 
James Seward, Theodore P. Abraham, Mayo Clinic, Rochester, MN
Background: Assessment of RV function is critical to patient care in pulmonary hyperten-
sion. However, there is a paucity of non-invasive techniques capable of assessing RV
function. We evaluated the ability of conventional (ECHO) and tissue Doppler strain
echocardiography (TDSE) to predict RV systolic function. Methods: Simultaneous ECHO
and TDSE were performed in consecutive patients (n=50, 32 with pulmonary hyperten-
sion) undergoing right heart catheterization. RV stroke volume, determined by thermodi-
lution method, was used as the gold standard of RV systolic function, except in patients
with significant tricuspid regurgitation (TR) when the Fick method was used. Vena con-
tracta width was used to grade TR. Standard imaging protocols were used for ECHO and
TDSE. We excluded patients with left ventricular ejection fraction <0.55, valvular heart
disease (except TR), cardiac surgery, coronary artery disease and hypertension. Univari-
ate and multivariate regression analysis was used to test correlation between ECHO/
TDSE and RV stroke volume. Results: TDSE parameters correlated more closely with RV
stroke volume compared to ECHO (Table). Correlation improved after adjustment for TR.
Systolic tissue displacement and RV systolic strain appeared to most closely reflect RV
stroke volume. Conclusion: TDSE estimation of RV function is feasible and appears to
provide accurate, non invasive assessment of RV function.
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844-5 Assessment of Aortic Wall Mechanics in Marfan 
Syndrome by Transesophageal Echocardiography and 
Tissue Doppler Imaging
Antonio Vitarelli, Ysabel Conde, Ilaria D'Angeli, Ester Cimino, Simona D'Orazio, Simona 
Stellato, Viviana Padella, La Sapienza University, Rome, Italy
Background. The aim of our study was to investigate the potential value of transesoph-
ageal echocardiography combined with tissue Doppler imaging for the assessment of
elastic properties of the thoracic aorta in patients with Marfan disease.
Methods. Twentyone patients (pts) with Marfan syndrome (Gent criteria) aged 13 to 52
years and sixteen normal controls were studied with multiplane transesophageal
echocardiography (TEE). 7/21 pts had surgery for aortic dissection. The ascending and
descending aorta were visualized in a TEE short axis view. Standard formulas and tissue
Doppler imaging (TDI, Toshiba corp.) during TEE were used for the quantification of aor-
tic elastic properties. Acceleration time (AT, msec), maximum wall expansion velocity
(Vmax, cm/sec), wall contraction E and A velocities (cm/sec), and peak systolic wall
strain (ε, %) were determined from TDI tracing.
Results. Ascending and descending thoracic aorta dilation (>40mm and >30mm) was
present in 11/21 and 12/21 pts, respectively. Marfan patients had a lower distensibility
and a higher stiffness index both in patients with dilated (p<.001) and normal aortas
(p<.05). Highly significant differences were obtained between both groups for Vmax
(2.8±1.6 vs 6.7±1.8 cm/sec, p<.0001), AT (68±7 vs 89±5, p<.0001) and ε (7.6±1.3% vs
24±2.9%, p<.0001). The indices derived from TDI were significantly decreased com-
pared to controls both in patients with dilated (p<.0001) and normal aortas (p<.001). Sig-
nificant and independent predictors of aortic dilatation were systolic blood pressure
(F=19.2, p<.005), aortic stiffness index (F=21.3, p<.005), Vmax (F=31.2, p<.005), and ε
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r value 0.35 0.63 0.22 0.48 0.28 0.3 0.05
p value 0.02 <0.0001 0.15 0.002 0.1 0.06 0.7
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0.003 <0.0001 0.009 0.01 0.004 0.08 0.4
